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Fal ls are the major cause of death related to mechanical injuries in the elderly, especially in women, 1 because they are more prone to falls and have a higher predisposition than men do to fallrelated injuries, namely, to osteoporotic fractures. 2Y4 Although several authors have cited sex differences in the mechanical properties of tendons to explain the discrepancies in the risk for falling, 5 the reasons for a higher incidence of falls in women are not well known.
Falls can be a problem before the age of 60 yrs. 6 However, their occurrence increases with age, and it is estimated that at least 30% of people 65 yrs or older who live in a community fall at least once a year. 7 Apart from health status, the progressive loss of physical fitness and mobility with age seems to contribute to the occurrence of falls in both sexes. 8 These losses occur differently in men and women 9 and seem to contribute to the diversity of falls (e.g., indoor vs. outdoor falls), 10 although the relationship between the type of fall and sex remains unclear. Exercise as a single or multifactorial intervention to prevent falls is one of the most effective and frequent strategies, yielding a 17% reduction in the overall risk for falls 11 Vparticularly if the activity includes skill-related (i.e., coordination, agility, balance, and mobility) and/or health-related (i.e., muscular strength, flexibility, and aerobic capacity/endurance) components of physical fitness. 12, 13 However, to ensure the success of a fall-preventive intervention, it is important to understand the circumstances surrounding the event and to weigh each risk factor in both men and women.
The prediction of falls has been focused on lifestyle, health status, and physical fitness, particularly including balance and mobility. 2Y4,14,15 Nevertheless, despite being considered risk factors of falls, 4, 8, 12, 13 the relationship/influence of muscle strength, flexibility, agility, body composition, and personal characteristics (such as sex) remains unclear. Moreover, the influence of sex-related factors has not been included in the recommendations for fall prevention. Thus, the main purpose of this study was to investigate the contribution of sex to the occurrence of falls in community-residing persons 50 yrs or older, after accounting for comorbidities and differences in physical fitness.
METHODS

Participants
The participants were recruited by invitation and via leaflets that were placed in community settings (health, recreational, sporting, cultural, and senior centers). The criteria for inclusion in this study were independent living and the absence of recent infirmities or a temporary decrease in physical fitness. The absence of cognitive impairment according to the MiniYMental State Examination 16 was also required for all of the participants, with a cutoff point of 24 points or lower indicating a decline in cognitive performance. 17 Twenty-six volunteers did not meet these criteria and were thus excluded, including two volunteers who had a recent hip fracture. Volunteers who did not undergo all of the evaluations were excluded from this study. The final sample consisted of 587 active communitydwelling persons 50 yrs or older (463 women, 153 of whom were fallers, and 124 men, 29 of whom were fallers), with 77.8% of the participants having attended a supervised exercise program at least twice weekly during the previous year. All of the subjects were volunteers and provided informed consent. The university's ethics committee approved this study.
Measures
Physical Fitness Including Body Composition
Using the Fullerton Functional Fitness Test Battery, 18 physical fitness was evaluated, namely, lower body strength, upper body strength, lower body flexibility, upper body flexibility, agility and dynamic balance, aerobic endurance, and body mass index (BMI), which were assessed using the (1) 30-sec chair stand (repetition [rep]); (2) arm curl (rep); (3) chair sit-and-reach (centimeters); (4) back scratch (centimeters); (5) 8-ft up-and-go (seconds); (6) 6-minute walk (meters); and (7) BMI , which was calculated as the body weight divided by the height squared (kg/m 2 ), respectively. Body weight (kilograms) was measured using an electronic scale (Secca Bella 840, Hamburg, Germany), and standing height (centimeters) was measured using a stadiometer (Secca 770, Hamburg, Germany).
Evaluation of multidimensional balance was conducted using the Fullerton Advanced Balance (FAB) Scale. 19 This battery consists of ten tests and includes a combination of static and dynamic balance activities that are performed with different sensory involvements. The tests included the following: (1) stand with feet together, eyes closed;
(2) reaching forward to object; (3) turn in full circle; (4) step up and over; (5) tandem walk; (6) stand on one leg; (7) stand on foam, eyes closed; (8) jump with two feet; (9) walk with head turns; and (10) reactive postural control. The ten tests were scored according to an ordinal scale from 0 (worst) to 4 (best) points. The final score was the sum, from 0 to 40 (points), of the points obtained in each of the tests.
The body fat mass percentage was assessed using bioimpedance (HBF-306C, Bannockburn, IL), controlling for the habitual factors affecting hydration status (i.e., alcohol and diuretic consumption, eating, drinking, exercise and emptying of the bladder within 30 mins before testing; standard error of the estimate = 4.5% body fat). 20 Lean body mass (kilograms) was calculated as body weight (kg) j {[body weight (kg) Â fat body mass (%)]/100}. Evaluations were performed by ten experts who had academic knowledge in this specific area and who attended a specific meeting concerning the protocols and the procedures of the tests to ensure the same standards. Each test was performed by the same evaluator.
Falls, Comorbidities, and Sociodemographic Characteristics
History of falls, health status, and sociodemographic characteristics were assessed via a questionnaire. The participants were interviewed, and the questionnaire was completed, providing data regarding the number of falls within the last 12 mos, chronic diseases and physical impairments, time spent performing supervised exercise (hours per week), age, educational level, and other sociodemographic characteristics. In addition, the circumstances surrounding falls were described (e.g., habitual, exceptional or high-difficulty tasks, indoor or outdoor occurrences). A fall was operationally defined as Ba subject unintentionally coming to rest on the ground or another lower level, except those that result from a major intrinsic event (e.g., stroke or syncope) or overwhelming hazard.[ 7 A faller was defined as a subject who had fallen at least once within the previous 12 mos. All of the chronic conditions that were reported by the participants during the interviews were listed as 24 diseases in total. Physical impairments included involuntary loss of urine, regular dizziness, foot problems (e.g., sores, corns, skewed toes, amputation of the toes or the feet, or insufficient muscle function), poor vision (not recognizing someone's face at a distance of 4 m while wearing glasses or contact lenses), hearing problems (unable to follow a conversation with a hearing aid in a group of four people), and occasional loss of balance. 14 The presence or the absence of each listed disease and physical impairment was checked by the interviewer while administering the questionnaire. The number of chronic diseases plus physical impairments defined the comorbidities.
Statistical Analysis
The subjects' characteristics, namely, the potential risk factors of falling (i.e., age, education, comorbidities, and physical fitness parameters), were compared between the men and the women using a t test for independent samples (in case of normality and homoscedasticity of the variables) or using the Wilcoxon's Mann-Whitney U test (when these conditions were not met). Complementary analyses were performed by a W 2 independent test and the Mantel-Haenszel test.
The contribution of sex, comorbidities, physical fitness, exercise, and age in the occurrence of falls (yes/no) was analyzed by univariate and multivariate binary logistic regression 21 using the traditional approach, seeking the most parsimonious model. In these analyses, the reference category for the sex variable was male. Concerning the multivariate analysis, the selection process started with the univariate analysis of each variable. Variables that yielded a P value of less than 0.20 in the univariate analysis were candidates for the multivariable model. 20 At first, a model containing all the variables of reported importance was created, and the significance of each variable was tested using the Wald statistic (P G 0.05). Variables that did not meet these criteria were eliminated, and a new model was fitted. Each new model was compared with the previous one, using the likelihood ratio test. This process of deleting, refitting, and verifying continued until all significant variables examined were included in the model. For the continuous variables, the assumption of linearity was checked by the logit. The main effects model was refined, and the possible interactions among the variables were tested until a final model was established. The Hosmer-Lemeshow test was used to evaluate the overall goodness of fit. The ability of the multivariate model to discriminate the fallers from the nonfallers was examined by the receiver operating characteristic analysis, which computed the area under the receiver operating characteristic curve (AUC). The established sensitivity and specificity relied on a cutoff point that maximized both parameters. 22 Finally, an analysis of the individual components of the summary statistics was performed to determine the outliers and influential points. The final model equation with the significant variables for falling and its weight were determined.
Internal validation of the model was performed using a resampling or cross-validation procedure. 23 The participants were divided into ten equal groups by random sampling without replacement. For each of the randomized groups, the predicted probabilities of falls were generated using parameters that were estimated from a logistic regression model using data from the other nine groups. These ten logistic regressions had an identical specification; each one used 90% of the data. Finally, the AUC was calculated for the probabilities that were generated by the cross-validation.
The statistical analyses were performed using the Statistical Package for the Social Sciences software package (Version 17.0 for Windows; Statistical Package for the Social Sciences, Chicago, IL). The level of statistical significance was set at P G 0.05.
RESULTS
Of the 587 volunteers, 182 reported at least one fall occurring within the previous 12 mos. The prevalence of fallers and the annual rate of falls were higher among the women (women: 33.0% fallers vs. men: 23.4% fallers, P = 0.039; women: 0.64 falls per year vs. men: 0.31 falls per year, P G 0.001). No difference between the sexes was determined concerning the percentage of falls that occurred indoors vs. outdoors, as in both sexes, È40% of the falls occurred indoors. Nevertheless, the men reported a higher percentage of falls than did the women when performing tasks that were hazardous or had high levels of difficulty (17% vs. 4%, P = 0.017) but a lower percentage of falls when performing harmless habitual tasks (83% vs. 96%, P = 0.017). The Mantel-Haenszel test revealed no differences between the percentage of the men and the women who fall when controlled for each health or physical fitness variable (categorized by quartiles and used as a layer).
Almost all of the physical fitness parameters were better in the men than in the women (Table 1) : from j9.5% in fat body mass to 13.8 kg (+9.4%) in lean body mass, P G 0.01, and from +1.1 rep (6.5%) in lower body strength to +83.8 m (16.9%) in aerobic endurance, P G 0.05. Nonetheless, the women demonstrated better scores in upper and lower body flexibility (+2.9 cm and +7.8 cm, respectively, P G 0.01) than did the men. No difference was found between the sexes in the BMI. Although the men were older (+1.8 yrs, P = 0.011), they were healthier (with 1.5 fewer chronic diseases or impairments, P G 0.001) and had more years of education (+2.1 yrs, P G 0.001).
The univariate binary logistic regression computed several variables as significant potential risk factors of falling; the exceptions were agility and dynamic balance, lower body flexibility, body weight, and exercise. Increasing the number of comorbidities, percentage of fat body mass, BMI, or age increased the likelihood of falling. The greatest augmentation in the likelihood of falling was 27.6% for each comorbidity (odds ratio [OR], 1.276; 95% confidence interval [CI], 1.179Y1.381), and the smallest augmentation was 3% for each year of age (OR, 1.030; 95% CI, 1.003Y1.057). The increase of one unit in each of the other variables reduced the likelihood of falling. The smallest reduction in the likelihood of falling was 0.3% for each meter in aerobic endurance Multivariate binary logistic regression analysis was performed to compute a model with an improved ability to predict the occurrence of falls, with the inclusion of the significant variables. This analysis ( Table 2 ) revealed that the main risk fac-tors of falls were sex (male: OR, 2.723; 95% CI, 1.190Y6.230), number of comorbidities (OR, 1.213; 95% CI, 1.109Y1.328), lean body mass (OR, 0.958; 95% CI, 0.927Y0.989), percentage of fat body mass (OR, 1.053; 95% CI, 1.021Y1.086), and multidimensional balance points (OR, 0.942; 95% CI, 0.914Y0.971). The improvement of these health and fitness parameters decreased the likelihood of falling from 4.2% (for each additional kilogram in lean body mass) to 21.3% (for each reduction in chronic disease or physical impairment in comorbidities). In the multivariate model, male sex (adjusted for comorbidities, lean body mass, fat body mass, and multidimensional balance) increased the likelihood of falling by almost three Conditions for Falling of Men vs. Women times. Chronological age was not a significant predictor of falling. There was no interaction between the variables. The model fitted the data well because the Hosmer-Lemeshow goodness-of-fit test was not significant (P = 0.510). The receiver operating characteristic analysis revealed that the multivariate model discriminated the fallers from the nonfallers, with an AUC of 0.710 (95% CI, 0.661Y0.758). The optimal cutoff point was established at 0.336, corresponding to the maximum sum of the sensitivity (60.0%) and the specificity (72.0%).
To define the cutoff values that distinguish the fallers from the nonfallers depending on the comorbidities, lean body mass, fat body mass percentage, and multidimensional balance, the equation of the multivariate model of logistic regression was solved for each of these four variables (point estimation). To this end, for each calculation (in a total of four), a cutoff value of 0.336 was considered for the probability of falling (P) and for the value corresponding to the 50th percentile in the remaining variables. In the men, the 50th percentile corresponded to two chronic diseases or incapacities in comorbidities, 51.5 kg in lean body mass, 32.2% in fat body mass, and 36 points in multidimensional balance. In the women, the 50th percentile corresponded to three chronic diseases or incapacities in comorbidities, 38.9 kg in lean body mass, 42.1% in fat body mass, and 33 points in multidimensional balance. Figure 1 presents (separately for the men and the women) the change in the probability of falling (point estimation) caused by the variation of each of these variables, indicating the value at which a participant moved from the nonfaller to the faller category.
Concerning the multivariate equation, the men who fell presented more than five chronic diseases/incapacities, a lean body mass lower than 36.7 kg, a fat body mass higher than 44.4%, or a multidimensional balance lower than 26 points. The women who fell presented more than four chronic disease/incapacities, a lean body mass lower than 34.2 kg, a fat body mass higher than 46.0%, or a multidimensional balance lower than 30 points.
DISCUSSION
The main goal of this work was to study the contribution of sex to the occurrence of falls in community-residing persons 50 yrs or older. The present investigation revealed that the women were more susceptible to falling than were the men, a result that is consistent with other studies. 3, 4 As also mentioned by several researchers, 13, 24 falling was associated with the worst comorbidity values and with almost all of the physical fitness variablesVwith women presenting worse values than men in these variables. However, when similar conditions of health and physical fitness were considered for both men and women, the men were more than twice as prone to fall as the women were. The results of the multivariate logistic regression revealed that the most important risk factors of falls in both sexes were comorbidities, lean body mass, fat body mass, and multidimensional balance. An intervention inducing a decrease of 5% (È3.5 kg for the women and 4 kg for the men) in fat mass, an increase of 1 kg in lean body mass, or an increase of 3 points in balance will reduce the likelihood of falling by 30%, 4%, and 20%, respectively, independent of sex, age, and the number of chronic comorbidities. Therefore, if a person is higher than the cutoff point of 0.336 (the decision point), then he/she will certainly change from the condition of faller to the condition of nonfaller.
As noted earlier, 4,25 the women had worse values than the men did in almost all of the physical fitness parameters; moreover, apart from being younger, the women also presented worse values concerning comorbidities and fell more. The poorer results for the women suggest the reasons that they are more susceptible to falling. Thus, consistent with the findings of other authors, 4 the risk or probability of falling in the women was È10% higher than in the men, when a single analysis was conducted. However, when the risk for falling was adjusted for comorbidities, lean and fat body mass, and multidimensional balance, the men exhibited a higher predisposition to fall than did the women. Thus, for similar conditions in both sexes, the probability of falling was higher in the men (e.g., for two chronic diseases or impairments, 40 kg of body lean mass, 40% of body fat mass, and 30 points on multidimensional balance, the computed probability of falling was 48.7% in the men and 25.8% in the women). This reversal occurred only when equating the cumulative effect of the variables because the effect of each variable analyzed using the Mantel-Haenszel test was revealed not to be significant. The results from the complementary analysis demonstrated that the men reported a higher percentage of falls than the women did when performing risky and high-difficulty tasks but a lower percentage of falls when performing harmless habitual tasks. These results were consistent with the hypothesis that men put themselves in more hazardous situations than do women. There is evidence that the male sex poses a higher risk for falling than the female sex does in a hospital setting 26 or when the risk is adjusted for other factors that compose health status and physical function 24 ; furthermore, a higher risk for falls is associated with the performance of highly demanding activities. 27 Comorbidities, lean body mass, fat body mass, and multidimensional balance were the variables selected as estimating the risk for falling (P) in men and women. This study estimated the risk associated with changes in each of these variables and computed cutoff values (different for the men and the women) from which the individual modifies the condition of faller for nonfaller and vice versa.
As already observed, the presence of comorbidities was the most important risk factor of falls in both sexes, 6, 14, 28 with a 21% increase in the likelihood of falling for each additional chronic disease/incapacity. This finding means, for example, that a successful cataract surgery (a significant risk factor of falls and of fall-related injuries because visual impairments cause the inaccurate assessment of environmental obstacles 29 ) decreases the likelihood of falling by 21%, in addition to the other evident benefits. This percentage is consistent with the results of Nitz and Choy, 6 who revealed that, for each additional comorbidity (depending on the patient's age), the likelihood of falls increases from 8% to 35%.
Regarding body composition, this study estimated that, for each additional kilogram in lean body mass, the likelihood of falling decreased by 4%; in addition, for each additional 1% in fat body mass (È0.7 kg in the men and È0.8 kg in the women), the likelihood of falling increased by 5%. These findings reinforce the importance of fat mass (independent of the health status) in the occurrence of falls 2 and the contribution of lean mass (particularly, muscle mass) in the prevention of falls. 8, 30 Balance, as evaluated using the FAB Scale, has been demonstrated to be a strong predictor of recurrent falling. Hernandez and Rose 15 found that, for every 1-point increase in the total balance score, there is a È10% decrease in the older adult's likelihood of falling. The present study demonstrated that, among all of the physical fitness parameters, a decreased multidimensional balance score was the most important risk factor of the occurrence of falls, yielding a decrease of 6% in the likelihood of falling for each additional point. This fact may be principally relevant for women because, in this test, they obtained È3 points lower than the men did. Moreover, balance evaluated using the FAB scale was a stronger predictor of falling than was balance evaluated using the up-and-go test, which has also been used to predict falls with limited results. 31 Because each item test in the FAB Scale can detect failures and handicaps in the various sensory and locomotor systems and mechanisms, 19 the use of the FAB Scale as an evaluation tool also allows for outlining recommendations for preventive interventions.
Age per se loses its importance as a risk factor of falling if health and physical fitness are maintained as the individual ages. Age emerged as a risk factor of falling in the univariate analysis 4,7 but lost its significance in the multivariate regression analysis. Therefore, younger people with poorer health or levels of physical fitness have a higher probability of falling than do older people in good condition.
Thus, the results of this study emphasize the importance of promoting a healthy physical fitness, particularly body composition and multidimensional balance, and avoiding risky tasks, especially in hazardous environments. The findings draw special attention to women because their conditions tend to be more fragile but also highlight men because they tend to expose themselves to situations of greater risk. In this context, fall prevention interventions that focus on community-dwelling adults must account for these sex differences.
A major limitation of this investigation was the difficulty in recruiting male participants. Consequently, the sample was mostly composed of women (78.9%), reflecting the high number of women who are involved in community initiatives and physical exercise programs. In addition, most of the participants were physically and socially active, maintaining average levels of physical capacity and independence. 25 Nonetheless, in accordance with the results of classic studies, 7 31% of the subjects had fallen at least once during the previous year. However, the real dimension of the problem is likely to be underestimated because the frailest individuals are unlikely to volunteer for this type of study. Another limitation of the present investigation might have been the inclusion of one-time fallers in the multivariate model because when a hazard ratio is greater than 1.0, it consistently is exceeded by the OR and exceeds the risk ratio. 32 Nevertheless, the final multivariate model presented a discriminate capacity (AUC, 0.710) with values that were analogous to those found in other studies focusing on recurrent fallers 14, 24, 28, 33 (AUC, 0.60Y0.79), and the predicted probabilities that were generated by the crossvalidation procedure had a similar AUC (0.693; 95% CI, 0.643Y742). Furthermore, the model included all of the discordant observations from the sample, and the results were similar when Poison regression www.ajpmr.com Conditions for Falling of Men vs. Women was performed using the number of falls as the dependent variable.
Finally, in a cross-sectional study, the relationship between variables can be interpreted bidirectionally. That is, health and physical fitness may influence the occurrence of falls, but the reverse can also occur. Nevertheless, the comorbidities that were reported, particularly chronic diseases such as diabetes or physical impairments such as poor vision, are unlikely to result from falls; furthermore, all of the volunteers who had recent infirmities with temporary decreases in their physical fitness were excluded from this study.
In conclusion, this study demonstrated that the women were more susceptible to falling than the men were because the women exhibited poorer health and physical fitness levels. However, in similar conditions, the men were more than twice as prone to fall. In both sexes, a reduced number of comorbidities and good multidimensional balance decreased the probability of falling, as did a high quantity of lean body mass and a low percentage of body fat. The importance of chronological age as a risk factor of falling in community-dwelling adults older than 50 yrs seems to be minimal if the above-described conditions are maintained during the aging process.
